
(12) United States Patent 
US006211746B1 

(10) Patent N0.: US 6,211,746 B1 
Segawa et al. (45) Date of Patent: Apr. 3, 2001 

(54) INTEGRATION METHOD AND 5,128,634 * 7/1992 Pigott ................................. .. 331/143 
INTEGRATION CIRCUIT OFFERING 6,057,739 * 5/2000 Crowley et al. . 331/14 
IMPROVED SIGNAL_T0_NOISE RATIO’ AND 6,060,957 * 5/2000 Kodrnja et a1. .................... .. 331/143 

VOLTAGE-CONTROLLED OSCILLATOR 
AND FREQUENCY-VOLTAGE CONVERTER 
EMPLOYING INTEGRATION CIRCUIT 

(75) Inventors: Yuji Segawa; Kunihiko Gotoh, both of 
Kawasaki (JP) 

(73) Assignee: Fujitsu Limited, Kawasaki (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/362,661 

(22) Filed: Jul. 29, 1999 

(30) Foreign Application Priority Data 

Jul. 31, 1998 (JP) ............................................... .. 10-216592 

(51) Int. Cl.7 ..................................................... .. H03K 3/02 

(52) US. Cl. ......................... .. 331/143; 331/111; 327/131 

(58) Field of Search .............................. .. 331/17, 14, 143, 
331/34, 111, 177 R, 175, 327/131, 172, 

173, 176, 336, 344 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,736,118 * 4/1988 Fischer ............................... .. 307/265 

4,871,985 * 10/1989 Sempel ............................... .. 331/111 

* cited by examiner 

Primary Examiner—Robert Pascal 
Assistant Examiner—Henry Choe 
(74) Attorney, Agent, or Firm—Armstrong, Westerman, 
Hattori, McLeland & Naughton 

(57) ABSTRACT 

Disclosed are an integration circuit capable of substantially 
raising the ratio of a current to a capacitance, I/C, and 
voltage-controlled oscillator and frequency-voltage con 
verter Which employ the integration circuit. The integration 
circuit comprises an integrating capacitor, a current source, 
a sWitch, a detection circuit, and a control circuit. The 
current source supplies a current to the integrating capacitor. 
The sWitch is installed on a path along Which a current is 
supplied from the current source to the integrating capacitor. 
The detection circuit detects a voltage developed at the 
integrating capacitor. The control circuit controls the sWitch 
so that a current Will be supplied from the current source to 
the integrating capacitor during an integration period. The 
integration period falls into a current supply period and a 
stop period. The control circuit controls the sWitch so that a 
current Will be supplied from the current source to the 
integrating capacitor during the current supply period and no 
current Will be supplied from the current source to the 
integrating capacitor during the stop period. 

18 Claims, 16 Drawing Sheets 
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INTEGRATION METHOD AND 
INTEGRATION CIRCUIT OFFERING 

IMPROVED SIGNAL-TO-NOISE RATIO, AND 
VOLTAGE-CONTROLLED OSCILLATOR 

AND FREQUENCY-VOLTAGE CONVERTER 
EMPLOYING INTEGRATION CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an integration method and 

integration circuit Widely adopted for electronic circuits, and 
a voltage-controlled oscillator adopted Widely for electronic 
circuits and to a frequency-voltage converter employing the 
integration circuit. More particularly, this invention is con 
cerned With an integration method and integration circuit 
suitable for applications in Which a variation in a factor 
relevant to charging or discharging an integrating capacitor 
falls Within a predetermined narroW range. This invention is 
also concerned With a voltage-controlled oscillator and 
frequency-voltage converter employing the integration cir 
cuit. 

2. Description of the Related Art 
An integration circuit is Widely adopted as part of an 

electronic circuit. When supply of a direct current to an 
integrating capacitor is started, a terminal voltage or a 
voltage developed at a terminal of the integration circuit 
rises With the passage of time. Assuming that a current is I, 
the terminal voltage is Vc, the capacitance of the integrating 
capacitor is C, and an integration time is T, the relationship 
of Vc=(I/C)><T is established. Herein, C is a ?xed value. 
When the integration circuit is used as part of an elec 

tronic circuit, the above relationship is utiliZed. One of I, T, 
and Vc is set to a predetermined value, and another one 
thereof is varied. A variation in the remaining one is 
detected. For example, the integration circuit may be used as 
part of a voltage-controlled oscillator. In this case, tWo 
reference voltages are determined, and the current I is varied 
proportionally to a voltage for inducing charge. When Vc 
reaches a ?rst (higher) reference voltage, an output signal is 
varied. At the same time, the current I is varied for inducing 
discharge. When Vc reaches the second (loWer) reference 
voltage, the output signal is varied. The current I is varied for 
inducing charge again. Thus, the output signal oscillates at 
a frequency dependent on a voltage. 

In this kind of voltage-controlled oscillator, for eXample, 
a noise may be superposed on a reference voltage. In this 
case, a discharge period during Which an integrating capaci 
tor is discharged becomes unstable. This causes jitter in the 
output signal, and poses a problem in that a high-precision 
oscillating signal cannot be produced. As long as the mag 
nitude of the noise is unchanged, the jitter relates to the ratio 
of the current I to the capacitance C, I/C. To reduce the jitter, 
the ratio I/C must be raised, and a change rate at Which the 
terminal voltage of the integral capacitance makes a transi 
tion must be raised. HoWever, the integration time is deter 
mined With the cycle of the oscillating signal. A difference 
betWeen the tWo reference voltages cannot be increased. 
Consequently, it is impossible to raise the ratio I/C. 

Moreover, a frequency-voltage converter employs the 
integration circuit as part of an electronic circuit. An input 
signal is, for eXample, a Zero-crossing signal. When the 
input signal crosses a Zero level, a pulsating signal is 
generated. The pulsating signal is used to reset the integra 
tion circuit. A terminal voltage or a voltage developed at a 
terminal of the integration circuit is sampled and held. An 
output signal is then produced based on the terminal voltage. 
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2 
In the frequency-voltage converter, if a change rate at 

Which the frequency of an input signal changes is loW, a 
change rate at Which the voltage level of an output signal 
changes is also loW. This poses a problem in that the output 
signal is susceptible to a noise and the frequency-voltage 
converter suffers from a poor signal-to-noise ratio in terms 
of the output signal. To solve this problem, the ratio I/C of 
the current I to the capacitance C should be increased, and 
the change rate at Which the terminal voltage Vc of the 
integrating capacitor makes a transition should be raised. 
When I/C is raised, Vc eXceeds a voltage level that can be 
sampled and held. This is a problem and I/C cannot therefore 
be raised. 

As mentioned above, as far as a circuit employing the 
integration circuit is concerned, it is preferred to raise the 
ratio I/C of a current to a capacitance for minimiZing the 
in?uence of a noise. In practice, hoWever, there is difficulty 
in raising I/C. 

SUMMARY OF THE INVENTION 

An object of the present invention is to realiZe an inte 
gration method and integration circuit capable of substan 
tially raising the ratio I/C of a current to a capacitance. 
Moreover, an object of the present invention is to realiZe a 
voltage-controlled oscillator employing the integration cir 
cuit for reducing jitter, and a frequency-voltage converter 
offering a high signal-to-noise ratio. 

In the integration method and integration circuit of the 
present invention, integration is suspended. The present 
inventor has directed his/her attention to the fact that factors 
relevant to charge or discharge of the integration circuit, that 
is, a charging or discharging current, a reference voltage or 
detection voltage, and a time vary Within a limited range. A 
period during Which integration is suspended falls Within a 
range of variations in the time required by one integration. 
If the end of integration can be detected, although integra 
tion is suspended, necessary actions can be carried out. 
Moreover, an integration time is substantially shortened. 
Consequently, the ratio I/C of a current to a capacitance can 
be raised substantially. 

In other Words, an integration method in accordance With 
the present invention comprises a charge step at Which an 
integrating capacitor is charged and a voltage detection step 
at Which a voltage developed at the integrating capacitor is 
detected. The charge step includes a current supply step at 
Which a current is supplied to the integrating capacitor and 
a stop step at Which charge of the integrating capacitor is 
stopped during a predetermined period. 
An integration circuit in accordance With the present 

invention comprises an integrating capacitor, a current 
source, a sWitch, a detection circuit, and a control circuit. 
The current source supplies a current to the integrating 
capacitor. The sWitch is installed on a path along Which a 
current is supplied from the current source to the integrating 
capacitor. The detection circuit detects a voltage developed 
at the integrating capacitor. The control circuit controls the 
sWitch so that a current Will be supplied from the current 
source to the integrating capacitor during an integration 
period. The integration period falls into a current supply 
period and a stop period. The control circuit controls the 
sWitch so that a current Will be supplied from the current 
source to the integrating capacitor during the current supply 
period, and no current Will be supplied from the current 
source to the integrating capacitor during the stop period. 
The stop period during Which current supply is stopped 

may be set in the middle of the integration period or at the 
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start thereof. However, it is required that the end of inte 
gration can be detected. Moreover, the stop period during 
Which current supply is stopped must be exactly constant but 
may be variable. 
A voltage-controlled oscillator in accordance With the 

present invention comprises an integrating capacitor, a 
charge/discharge circuit, a reference level source, a com 
parison circuit, and a control circuit. The charge/discharge 
circuit charges or discharges the integrating capacitor using 
a current proportional to the voltage level of an input signal. 
The reference level source selectively outputs a ?rst refer 
ence level and second reference level. The comparison 
circuit compares a voltage developed at the integrating 
capacitor With a reference level output from the reference 
level source, and outputs the results of comparison in the 
form of an oscillating signal. The control circuit controls 
charge and discharge of the integrating capacitor by the 
charge/discharge circuit. The reference level source outputs 
alternately the ?rst and second reference levels in response 
to the oscillating signal. The control circuit alternately 
sWitches charge and discharge of the integrating capacitor in 
response to the oscillating signal. The control circuit con 
trols the charge/discharge circuit so that the charge/ 
discharge circuit Will stop charge during a predetermined 
period Within a charge period, and the charge/discharge 
circuit Will stop discharge during the same predetermined 
period Within a discharge period. 
As far as an actual voltage-controlled oscillator is 

concerned, it is rare that the voltage of an input signal varies 
Within a Wide range. Normally, the input signal varies Within 
a limited range. The voltage-controlled oscillator of the 
present invention treats the input signal Whose voltage 
variation is limited, and generates an oscillating signal 
exhibiting little jitter. Since the voltage variation in the input 
signal is limited, a variation in the frequency at Which the 
output signal oscillates is small. Consequently, a variation in 
the integration period is small. Even When integration is 
stopped during a predetermined period shorter than the 
loWer limit of the integration period, the voltage-control 
oscillator can act similarly to a conventional voltage 
controlled oscillator. Herein, a current generated proportion 
ally to the voltage of the input signal and tWo reference 
levels must be determined properly, though. Moreover, since 
the integration period is substantially short, even if the same 
integrating capacitor and reference levels as those adopted 
conventionally are employed, the ratio I/C of the current to 
a capacitance can be raised. Moreover, the in?uence of a 
noise can be minimiZed. Consequently, jitter can be mini 
miZed. 
A frequency-voltage converter in accordance With the 

present invention comprises an integrating capacitor, a reset 
circuit, a constant current source, a charge control circuit, 
and a sample and hold circuit. The reset circuit resets a 
voltage developed at the integrating capacitor at intervals of 
one cycle of an oscillating signal. The constant current 
source charges the integrating capacitor With a constant 
current. The charge control circuit eXtends control so that 
charge Will be stopped during a predetermined period Within 
a charge period Within Which the integrating capacitor is 
charged. The sample and hold circuit samples and holds the 
voltage developed at the integrating capacitor at the end of 
the charge period Within Which the integrating capacitor is 
charged. 

In an actual frequency-voltage converter, it is rare that the 
frequency of an input signal varies Within a Wide range. 
Normally, the frequency variation in the input signal is 
limited. The frequency-voltage converter in accordance With 
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4 
the present invention processes the input signal, of Which 
frequency variation is limited, and generates an accurate 
voltage With the in?uence of noise minimiZed. Since the 
frequency variation in the input signal is limited, a variation 
in an integration period is small. Even if integration is 
stopped during a predetermined period shorter than the 
loWer limit of the integration period, the frequency-voltage 
converter can act similarly to a conventional frequency 
voltage converter. Herein, the current to be supplied from 
the constant current source must be set properly. Moreover, 
since the integration period is substantially short, although 
the same integrating capacitor as the one employed conven 
tionally is included, the ratio I/C of a current to a capacitance 
can be raised. Moreover, the in?uence of a noise can be 
minimiZed. Eventually, a high-precision output voltage can 
be produced at a high signal-to-noise ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be more clearly understood 
from the description as set beloW With reference to the 
accompanying draWings, Wherein: 

FIG. 1 is a circuit diagram shoWing an eXample of 
conventional integration circuits; 

FIG. 2A and FIG. 2B shoW the relationship among the 
action of the conventional integration circuit shoWn in FIG. 
1 and factors; 

FIG. 3 is a circuit diagram shoWing an eXample of 
conventional voltage-controlled oscillators employing an 
integration circuit; 

FIG. 4 indicates actions performed in the voltage 
controlled oscillator shoWn in FIG. 3; 

FIG. 5 indicates the action of a sWitching unit included in 
the voltage-controlled oscillator shoWn in FIG. 3, and the 
in?uence of noise; 

FIG. 6 shoWs an eXample of conventional frequency 
voltage converters employing an integration circuit; 

FIG. 7 indicates actions performed in the frequency 
voltage converter shoWn in FIG. 6; 

FIG. 8 shoWs the basic con?guration of an integration 
circuit in accordance With the present invention; 

FIG. 9A and FIG. 9B shoW the action of the integration 
circuit in accordance With the present invention; 

FIG. 10 is a circuit diagram shoWing the con?guration of 
a voltage-controlled oscillator of the ?rst embodiment 
employing the integration circuit in accordance With the 
present invention; 

FIG. 11 is a circuit diagram shoWing the con?guration of 
a stop pulse generation circuit employed in the ?rst embodi 
ment; 

FIG. 12 is a circuit diagram indicating actions performed 
in the stop pulse generation circuit; 

FIG. 13 indicates actions performed in the voltage 
controlled oscillator in accordance With the ?rst embodi 
ment; 

FIG. 14 is an explanatory diagram concerning a difference 
in occurrence of jitter betWeen the voltage-controlled oscil 
lator of the ?rst embodiment and that of the related art; 

FIG. 15 is a circuit diagram shoWing the con?guration of 
a frequency-voltage converter of the second embodiment 
employing the integration circuit in accordance With the 
present invention; 

FIG. 16 is a circuit diagram shoWing the con?guration of 
a stop pulse generation circuit employed in the second 
embodiment; 
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FIG. 17 indicates actions performed in the stop pulse 
generation circuit; 

FIG. 18 indicates actions performed in the frequency 
voltage converter in accordance With the second embodi 
ment; 

FIG. 19 is a circuit diagram shoWing the con?guration of 
a variable pulse duration stop pulse generation circuit for 
generating a pulse Whose duration is variable; and 

FIG. 20 indicates actions performed in the variable pulse 
duration stop pulse generation circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before proceeding to a detailed description of the pre 
ferred embodiments, a conventional integration method and 
circuit, a conventional voltage controlled oscillator, and a 
conventional frequency-voltage converter Will be described 
With reference to the accompanying draWings relating 
thereto for a clearer understanding of the differences 
betWeen the conventional art and the present invention. 
An integration circuit is Widely adopted as part of an 

electronic circuit. FIG. 1 is a circuit diagram shoWing an 
example of conventional integration circuits. Referring to 
FIG. 1, an integrating capacitor 1 offers a capacitance C, and 
a current source 2 supplies a direct current to the integrating 
capacitor 1. Acontrol circuit 3 supplies an integration signal 
IS to the current source 2 to control the current source. A 
detection circuit 4 detects a terminal voltage Vc or a voltage 
developed at a terminal of the integrating capacitor 1. When 
the integration signal IS is output from the control circuit 3, 
the current source 2 supplies a direct current to the integrat 
ing capacitor 1. The terminal voltage Vc of the integrating 
capacitor 1 rises With the passage of time according to the 
current I supplied from the current source 2. The terminal 
voltage Vc, the capacitance C of the integrating capacitor, 
and an integration time T have the relationship of Vc=(I/ 
C)><T. The detection circuit 4 is equivalent to, for example, 
a comparator for comparing the terminal voltage Vc With a 
reference voltage or a sample and hold circuit for sampling 
and holding the terminal voltage Vc. 

In the integration circuit, C is constant. Any of I, T, and 
Vc is set to a predetermined value according to the above 
relationship, and another one thereof is varied. A change in 
the remaining one is detected. For example, FIG. 2A shoWs 
the varied current I supplied from the current source in 
relation to the time t required until the terminal voltage Vc 
reaches the predetermined voltage Vt. The time t required 
until Vc reaches Vt varies depending on the current I. 
Moreover, FIG. 2B shoWs the varied time t in relation to the 
terminal voltage Vc With the current I set to a predetermined 
value. Examples of circuits employing the integration circuit 
Will be described beloW. 

FIG. 3 is a circuit diagram shoWing an example of 
conventional voltage-controlled oscillators employing an 
integration circuit. Referring to FIG. 3, a voltage-current 
converter 5 receives an input voltage Vin (control voltage). 
A resistor 6 determines an output current of the voltage 
current converter 5. Currents to be supplied from current 
controlled current sources 7 and 8 are controlled according 
to the output current of the voltage-current converter 5. 
Assuming that a resistance offered by the resistor 6 is R, the 
relationship of I=Vin/R is established. There are shoWn an 
integrating capacitor 9 and a comparator 10. The comparator 
10 inputs the terminal voltage Vc of the integrating capacitor 
9 through an inverting input terminal 10A thereof. A refer 
ence voltage VRH or VRL (<VRH) is input through a non 
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6 
inverting input terminal 10B thereof. An oscillating signal 
(VCO output) Sout output from the voltage-controlled oscil 
lator is developed at an output terminal thereof. AsWitch 11 
has the on and off states thereof controlled based on the 
oscillating signal Sout. When the oscillating signal Sout is 
high, the sWitch 11 is turned on. When the oscillating signal 
Sout is loW, the sWitch 11 is turned off. An inverter 12 inverts 
the oscillating signal Sout. The on and off states of a sWitch 
13 are controlled based on an output of the inverter 12. 
When the output of the inverter 12 is high, the sWitch 13 is 
turned on. When the output of the inverter 12 is loW, the 
sWitch 13 is turned off. A sWitch 14 has the on and off states 
thereof controlled based on the oscillating signal Sout. The 
reference voltage VRH is applied to an input terminal 14A of 
the sWitch 14, While the reference signal VRL is applied to an 
input terminal 14B thereof. An output terminal 14C thereof 
is connected to the non-inverting input terminal 10B of the 
comparator 10. When the oscillating signal Sout is high, the 
sWitch 14 has the input terminal 14A thereof connected to 
the output terminal 14C thereof. When the oscillating signal 
Sout is loW, the input terminal 14B is connected to the output 
terminal 14C. The voltage-controlled oscillator shoWn in 
FIG. 3 utiliZes the integration circuit for detecting the time 
required until the terminal voltage Vc reaches the predeter 
mined voltage VRH or VRL When the current I is varied as 
shoWn in FIG. 2A. 

FIG. 4 is a Waveform diagram indicating actions per 
formed in the conventional voltage-controlled oscillator 
shoWn in FIG. 3. As illustrated, in the conventional voltage 
controlled oscillator, for example, When the oscillating sig 
nal Sout is loW, the sWitch 14 has the input terminal 14B 
thereof connected to the output terminal 14C thereof. The 
reference voltage VRL is applied to the non-inverting input 
terminal 10B of the comparator 10. The sWitch 11 is turned 
off. The output of the inverter 12 is driven high. The sWitch 
13 is turned on. Consequently, a direct current proportional 
to the input voltage Vin ?oWs from the integrating capacitor 
9 to the current-controlled current source 8. The terminal 
voltage Vc of the integrating capacitor 9 falls With the 
passage of time. When the terminal voltage Vc of the 
integrating capacitor 9 reaches the reference voltage VRL, 
the oscillating signal Sout is driven high. 

Consequently, the sWitch 14 has the input terminal 14A 
thereof connected to the output terminal 14C thereof. The 
reference voltage VRH is applied to the non-inverting input 
terminal 10B of the comparator 10. The sWitch 11 is turned 
on. The output of the inverter 12 is driven loW. The sWitch 
13 is turned off. Consequently, a direct current proportional 
to the input voltage vin ?oWs from the current-controlled 
current source 7 to the integrating capacitor 9. The terminal 
voltage Vc of the integrating capacitor 9 rises With the 
passage of time. When the terminal voltage Vc of the 
integrating capacitor 9 exceeds the reference voltage VRH, 
the oscillating signal Sout is driven loW. The similar actions 
are repeated thereafter. Eventually, the oscillating signal 
Sout is output at a frequency dependent on the input voltage 
Vin. The cycle T of the oscillating signal sout is expressed 
as T=(C/I)><(VRH— RL) Where C denotes the capacitance of 
the integrating capacitor 9. Since the relationship of 
I=Vin)/R is established, the cycle T is expressed as T=(RC/ 
Vin)><(VRH—VRL). As shoWn in FIG. 4, When the input 
voltage Vin is loW, the current I is small and the cycle T is 
long. Namely, the cycle of the signal Sout is long. When the 
input voltage Vin is high, the current I is large and the cycle 
T is short. Namely, the cycle of a signal Sout is short. 

FIG. 5 shoWs actions performed during one cycle of the 
signal Sout in the voltage-controlled oscillator shoWn in 














